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Bacter ia l enterotoxins responsible for causing severe 
diarrhoea leading to death have t e r r i f i e d mankind from 
ancient t imes. Several modem in v i t r o and in vivo de t ec t -
ing methods of these toxins have been developed, but even 
then there i s no s ingle universa l ly accepted method which 
may be claimed most simple and s e n s i t i v e . Although various 
assay systems have been developed but t h e i r s e n s i t i v i t y 
va r i e s from laboratory to laboratory, and a l l the employing 
large animals for ST tox ins . Pa r t i cu l a r ly in our country 
most of the workers are adapting r abb i t i l e a l - l o o p method 
foe LT and suckling mice model for ST toxins . In such 
experiments la]:ge number of animals are involved and even 
though r e s u l t s vary due to animal individualll ty. Similarly 
infant mice model for ST detec t ion i s a lso not r e l i a b l e as 
there i s also maximun var ia t ion in r e s u l t s even in the same 
laboratory, in our.country a heavy mor ta l i ty due to en tero-
toxigenic E .co l i infect ions i s being recorded in new boms 
every year . Therefore/ i t i s necessary to develop a r e l i a -
b l e , economic and s ens i t i ve model for detect ion of en tero-
toxins of E . co l i , The method which wi l l be developed would 
be simple, reproducible , r e l i a b l e and can eas i ly be handled 
under laboratory condi t ions . 
* * * * * * * * * * * * * * * * * * * * * * * * 
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U1 
"Diarrhoea' caijsecl l?y Enterotoxigenic Eacherichia 
c o l i (ETEC) i s a major cause of morbidity and mor ta l i ty 
in man p a r t i c u l a r l y among infants and chi ldren s ince time 
imnemorial. 'The d isease now ranking a high mor ta l i ty 
among children thiroughout the world especia l ly in develop-
ing and/or underdeveloped coun t r i e s . However* the spec i -
f i c aetiology of the most acute diarrhoea i s undif ferent -
ia ted e i t h e r c l i n i c a l l y or microbiological ly . To date the 
aetiology of the disease could have been determined in 
only 2<yA of the cases . According to a recent study d i a r r -
hoeal diseases are s ingle major k i l l e r of chi ldren under 
f ive years and claiming about 500 mil l ion l i ve s yearly in 
t h i s age group (Bull.W.H.O./1980). Several o ther es t imat -
ions of t o t a l world iportal i ty suggest about 10 mil l ion 
deaths in chi ldren under 5 years (Nicholas and Soriano 
1977) or 5-18 mi l l ions (Rhode and Northrup 1976),However, 
a most probable average for developing nations of Asia, 
Africa and Latin America i s about two b i l l i o n s per year. 
Over 25 d i f f e r en t enteropathogens have been rejx^rted 
as the causat ive agents of d ia r rhoea l d i sease . The import-
ant ones a re : Vibrio cholerae and other species of v i b r i o . 
Shigella* Salmonella* E.coli* compylobacter, Clostridivan 
perfr inoens, Proteus , Aeromonas, Staphylococci, Yersinia 
en t e roco l i t i c a e t c . Besides, some v i ruses i . e . ro tav i rus 
and protozoan p a r a s i t e s have also been recognised as the 
pathogens of d iarrhoea. E . co l i can be c l a s s i f i e d as entero-
pathogenic, entert)toxigenic and en ter invas lve . 
Oi-) 
Enterotoxins produwed by enterotoxigenic E . c o l i 
(ETBC) have been grouped into h e a t - l a b i l e (LT> and hea t -
s t ab l e (ST) based upon t h e i r heat s t a b i l i t y . Hea t - lab i le 
enterotoxins of E . c o l i shares many proper t i es in common 
with 6hat of cholera toxin. These are large prote ins 
having a molecular weight of about 73000 d. Heat s t a b l e , 
on the other hand, i s a simple low molecular weight polypep-
t i d e comprising of 18 amino-acids. The synthesis of both the 
toxin i s governed by plasmids known as 'Ent-plasmids*. The 
p r inc ipa l syndrome of diarrhoea produced by ETEC i s caused 
by these entero toxins . 
The impact of infect ious diarrhoea on animal hea l th 
i s also of high magnitude. In USSR there i s an annual loss 
of 25,2% and 34.0% in new borti calves and p i g l e t s j u s t 
because of diarrhoea respec t ive ly . Similarly in USA, losses 
<3LVB t o diarrhoea alone i s estimated to be $ 48.6 and 71.2 
mi l l ion (House 1978). However^ the est imation of the eco-
nomic loss of s ingle disease agent i s d i f f i c u l t and com-
p l i ca t ed by a va r i e ty of factors such as survey techniques, 
animal managerial schemes and geographical loca t ion . In 
our own country, where there i s no proper report ing system, 
t h i s task i ^ S t i l l more d i f f i c u l t . However, considering 
the prevai l ing condi t ions of insan i ta ry water suppl ies , 
poor hygienic condi t ions , ma lnu t r i t ions , overcrowding and 
c lose associa t ion between man and animals the problem of 
d ia r rhoea l syndrome in man and animals i s expected to be of 
much higher magnitude in developing and/or under-developing 
ciii-; 
nat ions than the developed ones. E.coljL i s a lso known to 
be the most common pathogen of Travellers* Diarrhoea;.. 
According to a recent est imate/ nearly 75% cases of 
Travellers* Diarrhoea are due to ETEC (Lee and Keen,1978). 
These ETEC in t e r e s t i ng ly are the saiae organism tha t 
causes the disease in small ch i ldren and i t i s probable t ha t 
incidence of T rave l l e r s ' Diarrhoea r e f l e c t s the ex ten t of 
ETEC diarrhoea in chi ldren in any p a r t i c u l a r geographical 
area (Bull.WHO,1980). 
Although the ro le of ETEC in the overa l l p ic ture of 
d iar rhoeal disease in man and animals i s now being under-
stood. Our knowledge on E .co l i i s s t i l l inadequate. No 
doxibt, the a r r e s t i n g f igures of d ia r rhoea l d isease in the 
present days have compelled s c i e n t i f i c world to c o l l e c t 
more and more information regarding the aetiology of the 
d isease but the data avai lable are incomplete and d i f f i c u l t 
to i n t e r p r e t because of lack of universa l ly accepted r epor t -
ing c r i t e r i a . Moreover, the cases of E .co l i are frequently 
grouped together with other d iseases or condit ions such as 
Salmonellosis and Salmonela-Shigella infec t ion , e t c . I t 
iS/ there fore , much of what we know i s ye t to be explained. 
Hence the utmost need of time is to develop r a the r to 
evaluate the models proposed, so f a r , for the de tec t ion of 
toxigenic and non-toxigenic s t r a i n s of E . co l i , so t h a t a 
uniform report ing c r i t e r i a can be es tab l i shed . The use of 
an animal model has es tabl ished the v a l i d i t y of applying 
Ci5l) 
several in vivo and in v i t ro techniques to diseased t issues. 
Itie present study has been concentrating on i 
(1) Standardization of animal models (Rabbit i l ea l loop 
and suckling mice assay) for detection of heat labi le 
and heat stable enterotoxin with ETBC indicator s t ra ins , 
(ii)Evaluation of several other laboratory animals for their 
su i tab i l i ty for enterotoxin detection. 
(i i i)Characterization of 300 E.coli s trains for thei r heat 
labi le and heat stable enterotoxin character in 
finally developed animal models. 
* * * * * * * * * * * * * * * * * * * * * * * * * * 
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Escherichia c o l l , a normal Inhabi tant of the g a s t r o l n t e s t -
ina l t r a c t : 
Escherichia c o l l predtxninates among the commensal 
f lora present in gut of man and animals. I t i s acquired 
by new borne only few days a f t e r b i r t h / e i t h e r from mother 
or Intimate environmental sorroundlngs, These organisms 
then ge t es tabl ished in the d i s t a l p a r t of the i n t e s t i ne 
as permanent: res idents and in some ways are benef ic ia l to 
the host (Gorbach, 197lK Whenever the normal defence 
mechanism of the host i s impaired, colonizat ion of the 
small bowel with en t e r i c organisms may occur r esu l t ing in 
diverse syndromes of diarrhoea and malabsorption (Gorbach/ 
1971; Sack, 1975). 
Epidemiology of E .co l i associated diarrhoea : 
The associa t ion of E .co l i with diarrhoea leads us 
back to i t s f i r s t i so l a t ion from infants sufferduig from 
diarrhoea by Escherich in (1885), but the recognit ion of 
E .co l i as pathogen remained undiscovered t i l l 1945, when 
Bray re-observed E .co l i associated with diarrhoea in 
nursery epidofnics. Since then numerous outbreaks of 
diarrhoea r e l a t ed to enterotoxigenic E .co l i (BTEC) have 
been reported (Giles and Sangster 1948; Kirbay e t a l . , 
1950; Sakazaki e t a^. ,1967). 
The d la r rhoea l disease has now at ta ined a stat \ js of 
a global problem and i s a major cause of morbidity 
and mor ta l i ty espec ia l ly anong Infants and chi ldren below 
5 years of age particularly those between 6 months and 2 
years. The incidence, however, rapidly declines after 
the age of 4 years and remains at lower level throughout 
the life suggesting that immunity is acquired. According 
to an estimate in 1975 as many as 500 million episodes of 
diarrhoea occurred in children less than 5 years of age 
in Asia, Africa and Latin America, resulting in death of 
about 18 million children (Rhode & Northrup, 1976). 
A study in Bangladesh, disclosed that ETEC were 
found the most frequent pathogen even in adult diarrhoea 
and the rate of hospitalized ETEC cases was 8.1/1000, the 
highest of all enteropathogens (Bull. WHO, 1980). 
in Chicago, a study of hospitalized children with 
diarrhoea1 diseases suggested that as high as 80% of 
children were infected with ETEC (Gorbach and Khxirana, 
1972). Similarly, in an another study, 18% children with 
diarrhoeal syndrome were reported from Whiteriver, Arizona 
(Bull. WHO, 1980). 
ETEC Strains have also been recognized the most 
common aetiological agent of 'travellers diarrhoea'. 
Studies conducted in Henduras, Kenya, Mexico and Moracco 
indicate that ETEC account for about 60-70JS of diarrhoeal 
episodes in travellers (Gorbach et al.,1975; Sack, 1975 
Lee and Keenjl978; Bull.WHO,1980). 
Similarly in animals the problem of gastrointestinal 
disorder manifested mainly by ETSGls also of high magni-
tude. In USSR (1971) an annual loss of 25.29« and 34% in 
new bom calves and p i g l e t s respec t ive ly due to ETEC 
diarrhoea has been reported. During a period of 17 years 
43.69^ loss in calves due to ca l f scours was reported 
according to an Agriculture Sta t ion repor t in USA (Vonpelt 
e t a l . , 1953) . Based on data from two d i f f e r en t s tud ies 
the estimated average annual loss from E«coli infect ion 
alone was 48.6 to 71.2 mil l ion in USA (House, 1978). 
Singh and Singer (1971) studded ca l f mor ta l i ty in Tarai 
region of India (U.P.) during the period from 1966-69 and 
reported 15% loss in calves diae to calf scours . 
Epidemiological inves t iga t ions of d ia r rhoea l out -
breaks led to understand the pathological behaviour and 
vi ru lence fac to r s associated wi th E . c o l i d iar rhoea . 
e t a l . 
Taylor2Tl^8) ; Mc Nanght and Robert (1958) and 
Yahagi e t al.. (1967) observed the inflammatory changes in 
the mucosa of r abb i t i n t e s t i n a l loops exposed to some 
s t r a i n s of E . co l i where other s t r a i n s d i l a t e d i n t e s t i n a l 
loop without mucosal inflanvnatory reac t ion (De e t a l . , 
1956; Taylor e t „al.9l961). 
Dupont e t o i . (1971) iden t i f ied two mechanisms 
involved in the onset of d isease ; one of them i s the 
invasion of the organisms into the i n t e s t i n a l e p i t h e l i a l 
c e l l s and cause a syndrome l ike Shigel losis^ while in 
other the orgaiism ins tead of invading the e p i t h e l i a l 
c e l l s of i n t e s t i n e produces enterotoxins which cause a 
d iar rhoeal syndrome resembling c l i n i c a l l y to Cholera. 
Recently ye t another mechanism of diarrhoea by d e s t r u c t -
ion of mic rov i l l i and adherence of pathogens to damaged 
luminal surface of the i n t e s t i n e has been recognised. 
(Cantey and Blake 1977; ulshen and Rollo>1980). 
On the bas i s of above obsexaation three subgroups 
of E .co l i as irt\portant d ia r rhoea l patjiogenshave been 
character ized which are as follows: (Bull.WHO 1980): 
( i ) Enteroinvasive E . c o l i (ElEC): Invasive in nature 
and destroy mic rov i l l i causing symptoms l i k e dysentry, 
resembling to s h i g e l l o s i s . 
( i i ) Enterotoxigenic E . c o l i (Erac) ; produces enterotoxins 
which induce watery and t r a v e l l e r s ' diarrhoea without any 
and 
danage to mucosa or microx/il l i^the symptoms resemble with 
cholera . 
( i i i ) Enteropathogenic E . c o l i (EPEC) : responsible for 
frequent outbreaks of i n f a n t i l e diarrhoea causing inflammat-
ory changes in the mucosal membrane/ but s t i l l the 
mechanism i s not well understood. 
Recognition of E .co l i Enterotoxins : 
The f i r s t repor t regarding enterotpxin production 
by E .co l i appeared in 1967 (Gyles and Bamum 1967; Sack 
e t al .^197'1; . Taylor and Battleheim (1966) concluded 
t h a t l iv ing and chloroform k i l l e d cu l tu re of E . co l i 
s t r a i n s i so la ted from babies with i n f an t i l e diarrhoea/ 
d i l a t ed rabb i t i n t e s t i n a l loop. Later Glew (1968) 
observed t h a t cul t i i re f i l t r a t e s of E .co l l s t r a i n s isola ted 
from small bowel of pa t i en t s with acute diarrhoea were 
capable of evoking f lu id exsorption into the d i l a t a t i o n of 
r abb i t i n t e s t i n a l loops. The value of these observations 
was obviated by the finding t h a t infect ion of chloroform 
containing preparat ion in to porcine i n t e s t i n a l l iga ted 
loops caused f lu id accumulation and d i l a t i o n even in the 
absence of b a c t e r i a (Smith & Hal l s , 1967b; Gyles & Bamum, 
1969). These bas ic experiments led to the discovery of 
"Enterotoxin" in the c e l l - f r e e supernatant of E . co l i 
(Kohler 1968; Moon e t a l . ,1970; Gyles & Barnum,19S9). 
Enterotoxins as defined by Craig (1972) are the agents 
responsible for increased movement of water and e l e c t r o -
ly tes from plasma components to lumen of small i n t e s t i n e , 
on fur ther inves t iga t ion enterotoxins of E , c o l i were found 
to be of two types : 
( i ) Heat l a b i l e (LT> and 
( i i ) Heat s t ab le (ST) 
Heat l a b i l e nature of toxin ge t destroyed when i t 
i s heated a t 65*C for 30 min. while the a c t i v i t y of the 
enterotoxin t h a t with-s tands a t t h i s temperature i s due 
to i t s heat s t ab le na ture . An enterotoxin may be only 
heat l a b i l e or hea t s t ab le alone or may be of both types, 
(smith & Halls,1967b; Kohler^1968; Smith & Gyles,1970a). 
Now, i t i s well es tabl i shed tha t the production of 
both types of enterotoxins (LT, ST) i s governed by a p l a s -
mid designated 'Ent ' plasmid (Slnith & Llngood,197l), 
Culture condi t ions for productions of Enterotoxins of 
E .co l i : 
A v a r i e t y of media have been proposed for the prod-
uction of E .co l i en tero toxins . Synease/ i s one of the 
e a r l i e s t known semi-synthetic mediun t h a t allows the 
organism to e laborate both LT and ST enterotoxins depend-
e t a l . 
ing upon the aera t ion of the cu l tu re ( F i n k e l s t e i n , ^ 9 f V ) . 
Subsequently, several o ther media - Trypticase Soy broth 
(Gyles & Bamum, 1969; Moon e t a l . ,1970); Peptone d ia lysa te 
broth (Lar iv ie r i e et ajL. ,1973) and semi-synthet ic media 
with yeast ex t r ac t s (Evans e t al.#1973) were used. 
Besides casamino acid yeas t e x t r a c t for hea t l a b i l e 
(Evans e t a l . ,1974) and SAG (Staples e t a l . ,1980) media 
for ST production are reported. Several o the r minimal 
and defined media for LT and ST have also been reported, 
Femandes and Bayer (19^7) showed t h a t b i l e s a l t s re lease 
cholera toxin from iso la ted membranes, Aldrete and 
Robertson (1978) reported tha t ST can stand i t s a c t i v i t y 
from pH 1.0- pH 9.0 and beyond t h i s i t becomes inac t ive . 
Besides several other fac tors l ike growth, temperat-
ure and incubation time a lso influence the toxin re lease 
into the medium, (Kxonkel & Robertson,1979). Since the 
toxin i s located in periplasmic region in E . c o l i , Evans 
e t a l . (1974) and Kunkel & Robertson (1979) reported t h a t 
with 
treatment ^f polymyxin B-sulfate brings out the disrupt ion 
of the outer c e l l membrane of E . co l i and thus the toxin 
I s re leased more e a s i l y . In an another observation 
Lincomycin i s foxoncl to enhance the toxin production in -
side the c e l l (Richardson § t a l . ,1978; Honda e t 31.^1981; 
Yoh e t a l .^1983) . Besides, osmotic shock and spheroplas t -
ing were a l so found to enhance the toxin r e l e a s e . 
Enterotoxins appear in the medium during the log 
phase of growthi and can be detected in small quant i ty 
and Wu,. 
a f t e r 8 hoxir incubation ( Jack^974) . Peak concentration 
of toxin i s obtained approximately 18 hr . of post incubat-
ion, Neverheless, a f t e r 24 hrs of incubation the a c t i v i t y 
of toxins ge t lowered, (Pontes e t a lyl982) . 
Biochemistry of Enterotoxins of E . co l i : 
Pur i f ica t ion : Pur i f ica t ion and charac te r iza t ion of entero-
toxins are very imporbait for development of simple in -
v i t r o assay system for toxin detect ion and to e luc ida te 
the aet iology of d ia r rhoea . 
Structure : Biochemical (Clements and Finkels te in 1979), 
immunological (Clements and Pinkels te in j l978) and genet ic 
data (Byles e t ;all974) have es tabl ished t h a t Cholera 
toxin (CT) and E .co l i hea t l ab i l e (LT) toxin share many 
proper t i es in common. Gyles & Bamum (1969) f i r s t 
demonstrated immunological s i m i l a r i t i e s between LT and CT 
which subsequently were supported from several o ther 
s tudies showing c ross -neu t ra l i za t ion of the a b i l i t y of 
c e l l - l y s a t e s to cause f lu id accumulation in r abb i t i l e a l 
e t a l . 
loops (Holmgren^9^; Smith & Sack 1973; Gyles^l974; 
8 
Kwan & Wishnow^l974; Kl ips te in anfl Engert^l977). More-
over^ Clements and F inke l s te in (1978) demonstrated immuno-
logica l c r o s s - r e a c t i v i t y of LT with A & B sxjbunits of 
Cholera toxin (CT). 
Heat l a b i l e toxin of E .co l i ( l ike CT) i s a simple 
protein without appreciable content of l i p i d or carbo-
hydrate having a molecular wt. 73000 to 91000 (Clements e t a^. 
1980; Kunkel & Robertson 1979). E .co l i LT i s composed of 
a cen t r a l A subunit which i s being surrounded by 5-B sub-
e t a l . 
xanits of 11780 (approx.) mole»wt. (Da l l a s7Z l^9 ) . A sub-
u n i t i s estimated as 25500 to 29000 mole.wt. (Dallas e t al.., 
e t a l . 
1979, Clements p.979, Clements2r980) and contains two 
fragments A. and K^ of mole.wt. 21000-23500 and 4000-6000 
respec t ive ly . These A^  and Kj fragments are linked t o -
gether by a d i su l f ide bond (Kunkel and Robertson^1979; 
e t a l . 
Gi l l2r981) . Fragment A. i s enzymatic in na tu re . 
AS judged by t h e i r r e s i s t ance to denaturat ion the 
associa t ion between B-subunits i s t i g h t e r than tha t between 
A & B, a f ac t , which suggests t ha t B-subunit do not d i s s o -
c i a t e in vivo (Heyningenyl976). 
On amino acid analys is LT-A was found to contain 
254 anino acids which include an unusual high content of 
charged res idues , 24-arginine, l7 -aspa r t i c acid, 15-Aspar-
ginine and 14-glutamine. In addi t ion, LT-A has an abnorm-
al high content of tyros ine (21 residues) and phenylalaniae 
(11-res idues) . 
Dallas and Palkow (1980) reported t h a t amino-acid 
sequence of LT-B and LT-Aj Chain of LT-subunits exh ib i t 
approximately 8C39S homology to t h a t of corresponding sub-
u n i t s in CT, Takao e t a l . (1983), however, apprised with 
surpr is ing molecular and imnunological d i f ferences in 
heat l a b i l e enterotoxins of E .co l i i so la ted from two 
d i f fe ren t sources. Heat l a b i l e toxin of E .op l i i s 
s t rongly ant igenic in na tu re . 
Heat-s table (ST)/on the other hand, i s a small mole»» 
cu lar weight peptide (Aldrete a"^ Robertson 1978; F ie ld , 
1979; Staples e t al.5 1980) t h a t i s s t r u c t u r a l l y and funct-
ional ly d i f f e r en t from LT or CT. ST i s d ia lyzable but 
non-antdgenic in nature . Burgess e t al,. (1978) suggested 
tha t there may be two types of hea t - s t ab le enterotoxins 
separable by methanol ex t rac t ion . One type, ST-a i s meth-
anol sol i ible , p a r t i a l l y hea t s t ab le and b io log ica l ly ac t -
ive in neonatal p ig l e t s and infant mice. The o ther , ST-b 
i s methanol insolxible ac t ive in weaned pigs and rabb i t 
i l e a l loop assay but inac t ive in infant mice. (Mullan 
e t ^ . j l 9 7 8 ) . Thus there may be host and age fac tors to 
be considered as well as mul t ip le ST-species in the pathogen-
e s i s of Ent E . co l i . Kapitany e t a l . (1979) reported amino-
acid difference between the two hea t - s t ab l e tox ins . Never-
the le s s , s t r u c t u r a l analyais (Chan & Gianel la^l981; 
Gianella and Luttrel^ 1983; Yoshlmura e t al.^1985) reveals 
t ha t ST is a peptide containing a t o t a l of 18 amino-acids 
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and i s devoid of any carbohydrate and l i p i d . Molecular 
weight determined by amino-acid analysis i s 1972 (Gianella 
and Lu t t r e l l ;1983) . I t i s a small , compact folded mole-
cu le , containing a t l e a s t one d i su l f ide bridge which i s 
e t a l . 
required for b io logica l a c t i v i t y , Staples^(1980) and 
Chan & Gianella (1981) recognized the following amino-
acid sequence for ST tox in : 
Asn - Thr - Phe - Tyr - Cys - Cys - Glu - Leu - Cys - Cys -
Tyr - Pro - Ala - Cys - Ala - Gly - Cys - Asn. 
Like LT, a remarkable difference in amino-acid 
sequence of two types of heat s t ab l e toxin or ig ina ted 
from human (ST-h) and porcine (ST-p) has been recorded. 
However, a common sequence of amino-acids in the two 
toxins (ST-h and ST-p) being responsible for b io log ica l 
a c t i v i t y and h e a t - s t a b i l i t y has been recognized (Yoshimura 
e t a l . , 1985) . Thus i t seined in t e re s t ing to e luc ida te 
the minimvan s t ruc tu r e of ST necessary for expression of 
f u l l b io logica l a c t i v i t y . 
Although enterotaxins are the p r inc ipa l causat ive 
agents of d iarrhoea, the colonizat ion fac tor antigens 
(CFA .:) which permits adhesion of pathogens to t a r g e t 
c e l l s are equally important v i ru lence fac tors of such 
& Orskov, 
bac te r ia (^skov^ l977) . A number of CFAs are recognised 
from ETEC s t r a i n s , such as K-88, K-99, CFA/I and CPA/II 
e t c . tha t exh ib i t d i s t i n c t s p e c i f i c i t i e s for c e l l s of 
d i f fe ren t animals ( G ^ t r a & Graff, 1982). 
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Genetics o£ Entterotoxin svntliesis : 
Enterotdxin synthesized by E .co l i are specified by 
plasmid, known as 'Ent ' -plasmid (Smith and Halls,1968; 
Gyles e t al , . , 1974), Ent-plasmid are genera l ly large and 
usual ly non-conjugative (Gyles e t a l . /1974; Wacmiuth 
e t a l . 1983), However, these plasmids can readi ly be 
mobilized and t ransfer red to other b a c t e r i a l population 
by re s iden t conjugative plasmids of the same b a c t e r i a l 
c e l l s (Wachsmuth e t al.yl983; Murray e t a l . , 1983) . Ihese 
plasmids may specify the production of LT and ST independ-
ent ly or LT/ST both simultaneously. (Gyles e t aj..,1974; 
Wilshaw e t a l . , 1980 ) . Moreover, subunits A & B of LT toxin 
are also supposed to be the product of two d i f f e r en t 
genes (Heyningen,1976). 
Recent s tud ies have shown t h a t many ETEC s t r a i n s 
harbour plasmids t h a t encode for both ST toxin and CFVI 
(Wilshaw e t a l . / 1980; Mc Conell e t a^ . ,1981; Wilshaw e t _ 
a l . , 1982; Smith e t a l . ,1982; Pinarande e t a^ . ,1983) . 
However, LT-production was less frequently associated 
with e i t h e r ST production or CF^l synthes is , LT-plasmids 
ranged in s ize from 42 Md to 6o Md and frequently belonged 
to P-group of immiino-Gorapatibility plasmids complex. In 
some instances i t i s possible to ident i fy plaanids tha t 
contained genes for both toxins plus CPAs (Murray e t a l , , 
1983; Pinaranda e t al,^1983) or for one or other toxin 
plus a n t i b i o t i c res i s tance (Si lva e t al .^ 1983). 
12 
Pathogenesis and pathophysiology of ETEC s t r a i n s : 
The pathological s tud ies of ETEC induced diarrhoea 
can lead to a successful therapeut ic approach for b e t t e r 
understanding of the mechanism of enterotoxins ac t ion . 
However, extensive s tudies in the pathogenesis of cholera 
have paved the vzay for developing a firmer bas i s to 
e luc ida te the aetiology of d iarrhoea. 
E .co l i LT f i r s t binds to the specif ied recep tors , 
mono-assilo-ganglioside (04.) s i t ua t ed on the e p i t h e l i a l 
l in ing of i n t e s t i n e via i t s B^subunits (Holmgren, 1973b; 
Zenser & Metzger, 1974). After confirmational changes 
within the c e l l membrane and the toxin molecule, hydro-
phobic in te rac t ion between the A component and the c e l l 
membrane causes the A.component to penetra te the membrane^ 
The d i su l f ide bond linking A, and Ag fragments i s then 
reduced and thereby A- fragment v*iich i s enzymatic in 
nature i s re leased (Field e t a l , , 1980 ) . A.-peptide then 
ac t iva te adenylate cyclase located on the inner surface of 
the c e l l membrane by complex enzymatic react ion - NitfD, 
ADP- r ibose , ATP and GTP or o the r factors with a sxibse-
quent increase in i n t r a c e l l u l a r cyc l i c adenosine 3« ,5 ' 
monophosphate in i n t e s t i n a l mucosa. (F inke ls te in , 1973; 
Sack, 197i; Gi l l e t a l . ,1976 ; Moss and Richardson,1978; 
Moss, 1980). 
Probably A2 i s not associated with toxic a c t i v i t y , 
never the less , the ant igenic determinant of Aj was found 
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to be i den t i c a l to t h a t of A^ (Gianella and Lut t re l l^ 
1983). 
Fie ld (1978) and Sack (1978) observed the a c t i v a t -
ioi?6f adenylate cyclase i s followed by a lag period which 
i s comparatively less in V.cholerae. Contrary to LT and 
CT, ST produces immediate response. Gianella & Drake 
(1979) recorded 10-fold increase in cyc l i c guanosine 
monophosphate (cOMP) level 3 miiButes a f t e r adminis t ra t -
ioo6f toxin . 
Heat s tab le enterotbxin ^instead of adenylate cyc l -
ase appears to increase guanylate cyclase >iiich^in turn , 
r a i s e cyc l i c guanosine 3 ' , 5 ' monophosphate level in 
i n t e s t i n a l t i s s u e s , (Field e t al .#1978), But l i t t l e i s 
known of the extents which occur in secre tory response 
p r i o r to and following increase i n t r a c e l l u l a r c(^P. 
However, binding of ST, being the f i r s t s t ep in the mechan-
ism has been the threshold of the recent s t u d i e s . Frantz 
and Robertson (1983) and Gianella snd L u t t r e l l (1983) 
concluded tha t bidding of ST i s i r r e v e r s i b l e and mediated 
by s ingle c l a s s of high a f f in i ty receptors s i t ua t ed on 
jegunum, i l e a l and co lon ia l epi thel ium. Further i n t e r -
na l i za t ion of toxin did not appear to be required for 
ac t iva t ion of adenylate cyclase. Moreover, a hormone-
l i k e act ion i s l i k e l y to be involved in ac t iva t ion of 
guanylate cyclase by ST, (Dreyfus and Robertson, 1983). 
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The increased level of cGMP caused by ST or that of 
cmP due to LT or CT ultimately lead to unmask the secret-
ory activity of less accessible crypt cells resulting 
into outpouring of electrolytic fluid frc«n small bowel 
which overwhelm the absorptive capacity of large bowel 
resulting into typical rice watery diarrhoea. Carpenter 
and Greenough (1968) observed maximum secretory response 
in the most proximal part of the small bowel which decreas-
es distally. Neither the stomach nor large intestine 
respond with secretion to these toxins. However, studies 
conducted by Bade and Gianella (1978) and Field (1979) 
have shown the ST induced secretion in both small as well 
as in large intestine. Electrolyte composition from 
different part of intestine was found to be Bame having 
sodium as predominant cation and chloride and biocarbonate 
as predominant anions» 
Electron microscopy reveals minimal inflammation of 
epithelixm, the capillary dilatation and submucosal oedema 
in the tip of villi, hightened goblet cells, mucus product-
ion and secretion and dilatation of crypts. Besides 
damage to glycocalycs, microteillus boarder and terminal 
wets of enterocytes is recorded at the area of bacterial 
adherence, (Rothbaum et al.^1983). Heavily colonized 
enterocytes show damaged organelles, swelling and presvan-
ably eventual cell death. 
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Laboratory Models for Enterotoxins detect ion : 
De and Chatter jee (1953) were the f i r s t to design 
the basic experiment in the f i e ld of enterotoxin de t ec t -
ion. They had developed r abb i t i l e a l loop assay whichi 
in i t s ear ly days was used for cholera toxin de tec t ion . 
Later the same technique.^ was adapted for E .co l i en te ro-
toxin detect ion (De e t a i .?1956) . Since then a number of 
assay systems have been proposed for de tec t ion of E.colJL 
enterotoxins l i ke pigs (Gyles and Barnum 1967); Lambs 
(Smith and Hall^l967); calves (Krammer e t a l . , 1971) and 
dogs (Guerrant e t al,. #1973). Out of them r abb i t i l e a l 
loop assay was supposed to be the b e s t animal model for 
LT detect ion (Bull.WHO 1980). In t h i s model the response 
of LT i s e s s e n t i a l l y - Ident ical to tha t of v .cholerae 
toxin. Maximum f lu id accumulation in r abb i t i l e a l loop 
was achieved 18 hours a f t e r administrat ion of toxin. 
However/ the t r a n s i e n t Secretory response due to ST can 
be quantif ied a f t e r 6-8 hxiof post administrat ion of 
toxin. (Evans e t al,. / 1973; Sack/ 1975). 
Besides, Porcine i n t e s t i n a l loop (Moon e t aj.. 1970) 
and suckling mice assay (Dean e t al^.,1972; DQbbescu and 
Huygelen/ 1973) have also been developed for de tec t ion of 
hea t - s t ab le enterotoxin . 
Later/ Gianella (1976) s t ressed upon suckling mice 
assay and highlighted the c h a r a c t e r i s t i c s of model. 
Temperatxxre and age are c r i t i c a l fac tors to be considered 
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a t the time of per£orming suckling mice assay (Moon 
e t a l . ; l 9 7 8 ) . 
Rabbit dc in t e s t ; have a lso been developed by using 
E.jcoli toxins (Moon and i«ftiip^l971; Evans e t al,. / 1973; 
Holmgren e t al,./1973) in a way analogous to tha t used 
for v .cholerae toxin . Preparations are injected i 
intracutaneously followed by intravenous inject ion of 
Evans blue dye 24 h r . a f t e r administrat ion of toxin. 
Results can be read within 2 hr of inject ion of dye con-
s ider ing areas of induration and b lu ing . However, the 
most c r i t i c a l aspect of the assay s i seems to be the age 
of r a b b i t s , because e lde r ly rabb i t s r eac t lesa well ttian 
young ones . 
Different in vivo assay models used t i l l recent ly 
are not easy and involve large animals as t e s t ma te r i a l , 
in order to replace the animal models, in v i t r o assay sys-
tems have been developed using c e l l cu l tu re and serologic-
a l t e s t s . Cel l - f ree cu l tu re f i l t r a t e of E .co l i LT-entero-
toxins are capable of inducing morphological changes and 
s teroidogenesis in c e l l cu l tu re of diverse o r ig in , 
Guerrant ejt al^. (1974) demonstrated elongation of 
Chinese Hamster ovary Cell (CHO) by LT or CT. Donta 
e t a i , (1974) demonstrated rounding of c e l l s in monolayer 
cu l tu re of Y-1 mouse adrenal c e l l s . Spiers e t ajL. (1977) 
found VeroT<:ells (African Green Monkey c e l l s ) to have 
responded well to E>coli LT toxin. Cel ls appeared 
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elongated thick walled and r e f r a c t i l e isith several f i l a -
mentous t e n d r i l s . Several other c e l l cul turs ihave a lso 
been used v i z : pig thyroid c e l l s (Rutter and Luther, 
1973); Mouse f ib rob la s t CFarkas - Himslay e t a l . , 1977) ; 
and human embryo lung f ib rob las t (Holo2el5l979). Con-
t r a s t i ng to LT,Heat s t ab l e toxin of E . co l i could not prod-
uce any morphological change in these c e l l l i n e s . 
Serological methods using antiservim against E .co l i 
LT have also been used for detect ion of en tero toxins . 
Passive jmmune haemolysis t e s t (PIH) (Evans and Evans, 
1977); r ad i a l passive immune haemolysis (RPIH) (Baramucci 
and Holmes^ 1978); Enayne-linked immionosorbent assay 
(ELISA) (Sveruoerhol»^^':HOl«»grbnin' 1978) and Radio immuno-
assay (RIA) (Ceska e_t a l , , 1978 ; Greenberg e t ajL, ,1977) 
have been developed for de tec t ion of LT enterotoxin of 
E . co l i . 
Detection of ST-enterotoxin could be accomplished 
xinder in v i t r o condit ion by RIA as described by Prantz 
and Robertson (1981) and Gianella e t ^ , (1981). Recently 
e t a l , 
Kl ips te in (1983) and Thompson^Tl^A) have developed 
ELISA with monoclonal ant ibodies and simple ant ibodies . 
Besides Biken t e s t (Honda e t a l . j l 9 8 1 ) ; Staph. Coagglut-
inat ion t e s t (Honda e t al.. / 1983) and n i t r o ce l lu lose 
e t a l . 
ELISA (Bentin,3I9B5) a lso reported for LT de tec t ion . 
Furthermore, i t i s now poss ible to ident i fy microorganisms 
through RNA and DNA hybr id iza t ion probe. Probe may con-
s i s t s of virulence gfenes used to d e t e c t b a c t e r i a l species 
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t ha t have s imi la r genes and pathogenic c h a r a c t e r i s t i c s . 
This method was applied to the detect ion of d iarrhoeal 
agents (Mostly e t a l . ^ 1980, 1982). 
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Bacter ia l s t r a i n s ; 
E .co l i s t r a i n s for the present study were taken 
from our own cu l tu re co l l ec t ion . These s t r a i n s were 
i so la ted from various c l i n i c a l conditionsof humans and 
animals. Their soxvcce of i so la t ion has been presented 
in Table 1. 
Besides, a number of reference E .co l i s t r a i n s have 
a lso been used in the present study. (Table 2 . ) . 
Reference E .co l i s t r a i n s : 
E . cp l i P~233; I t i s a porcine enteropathogenic s t r a i n 
producing t ransferable heat l a b i l e and heat s t ab le entero-
toxins , belongs to serogroup 0 8 J K - 8 7 , K - 8 8 a c , which 
served as pos i t ive LT/ST con t ro l . 
E . co l i P-16 : I t i s a heat s t ab l e enterotoxigenic s t r a i n 
of porcine o r i g i n . P-16 belongs to serogroup 09:K9 and 
was used as pos i t i ve control for ST production. 
E .co l i K-12, 711 : I t i s a l ac tose negat ive, and non-
en te ro toxigenic s t r a i n . I t i s an auxotroph requi res 
p ro l ine , h i s t i d i n e , tryptophan and phenylanaline. This 
s t r a i n was used as enterotoxin negative control during 
the experiments. 
All above three s t r a i n s were obtained with kind 
courtesy of Dr. H.W.Smith, Poultry Research S ta t ion , 
Houghton (U.K.). 
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E « c p l i , 0-141 : A LT"*" e n t e r o t o x i g e n i c s t r a i n be longs t o 
se rogroup 0 -141 : K85ac SSabjH^. This s t r a i n was used as 
p o s i t i v e LT-E.co l i s t r a i n 
E . c o l i 0-157 : A LT"** e n t e r o t o x i g e n i c E . c o l i s t r a i n was 
a l s o used as a p o s i t i v e LT-control du r ing the expe r imen t s . 
Ihe above two s t r a i n s were r ece ived from E . c o l i 
r e f e r ence C e n t r e , Pennsylvania ( U . S . A . ) . 
E . c o l i T-86 J AC e n t e r o t o x i g e n i c E . c o l i s t r a i n p o s i t i v e 
fo r bo th h e a t - l a b i l e and h e a t - s t a b l e c h a r a c t e r s . T-86 
was used as p o s i t i v e LT/ST s t r a i n . This s t r a i n was 
r ece ived w i t h kind c o u r t e s y of Dr. D.Sen, Na t iona l I n s t i -
t u t e of Cholera & E n t e r i c D i s e a s e s , C a l c u t t a ( I n d i a ) . 
MEDIA J 
N u t r i e n t mediun : Al l t he E . c o l i s t r a i n s were main ta ined 
on n u t r i e n t agar s l a n t s having pep tone , 20gm; sodium-
c h l o r i d e 5gm; disodixan hydrogen phospha te , 2,5gm; g l u c o s e , 
2 gm; d i s t i l l e d w a t e r , one l i t r e , a t pH 7.2 w i th 2% aga r . 
For s o f t aga r medium Q,l% aga r powder (Difco) was used 
throughout th^fetudy, 
Mac-Conkey Agar Medium ; I t c o n t a i n s : Sodium t a u r o c h o l a t e , 
5gm; l a c t o s e , lOgm; pep tohe , 20gm; agar 2%; d i s t i l l e d 
wa t e r , one l i t r e a t pH 7 . 2 , w i t h 3 .5 ml of n e u t r a l red 
(2% s o l u t i o n in 5% e t h a n o l ) as i n d i c a t o r . 
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Trypticase soy broth (TSB) : Trypticase soy broth (Difco) 
was used for enterotoxin production containing: tryptone/ 
17 gm; soytone* 3gm; dext rose , 2.5gm; sodium-chloride, 
5gm; dipotassium hydrogen phosphate, 2.5gm; yeast ex t r ac t 
(Difco), 6gm; and d i s t i l l e d water, one l i t r e a t pH 7.2, 
Casamino acid yeast e x t r a c t medium (CAYE): CAYE medium 
was a l so used in the present study for toxin production. 
I t i s composed of casamino acids (Difco), 20gm; yeas t 
e x t r a c t , 6gm; sodium chlor ide , 2,5gm; dipotassixm hydro-
gen phosphate, 8.71 gm; glucose, 2.5 gm.; and d i s t i l l e d 
water, one l i t r e , a t pH 8.0. Besides,0.1% (v/v) of 
t r ace s a l t so lu t ions , 1,5%; Magnesium sulphate , 0,5% 
Manganese chlor ide and 0,5% Fer r ic ch lo r ide , was a l so 
added. 
Toxin re leas ing buffer : This i s a simple phosphate buffer 
sa l ine of 0.01 molarity having 2 mg/ml polymyxin-B s u l -
phate powder as an addi t ive content a t pH 7 .2 . This was 
used for the quick re lease of toxin from b a c t e r i a l c e l l s . 
Bxperimental animaibst Following animals for s t andard iza t -
ion in vivo enterotoxin assay haV^fceen included in the 
present study : 
Suckling albino Swiss mice (3-5 days o l d ) , Mastomys r a t s . 
Cotton r a t s . Golden hamsters (approximately 100-150 gms 
weight) Swiss albino baby r a b b i t s , Guinea pigs (approxi-
mately 400-500 gm), Swiss albino r a t s , Gerbils (30-40 gm) 
and adul t rabbi t s (1-1.5 kg) . 
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Culture conditions for production of enterotoxlns : 
overnight grown cu l tu res of E .co l i on nu t r i en t agar 
s l an t s were inoculated into lOO ml of each t ryp t icase 
soy broth and/or casamino-acid yeast e x t r a c t medium^ in 
500 ml Erlenmejer f l a sks . The inoculated media were then 
incubated a t 37'C for 18 h r s . with continuous shoeing 
and aera t ion a t 200 rpm. After 18 hrs bro thcul tures were 
centrifuged a t 4''C for 30 min a t 5000 rpm. Supematants 
were passed through a f i l t e r membrane of022 nua pore s i z e . 
F i l t r a t e was co l lec ted in s t e r i l e t e s t tubes . 
This c e l l - f r e e supernatant was used as such for 
heat l a b i l e enterotoxin while for hea t - s t ab l e the same 
was heated a t 100*0 for 30 min. This process destroys the 
LT-enterotoxin leaving behind ST in the l iqu id uneffedted. 
The supernatant was assayed for enterotoxin detectiondn 
animal systems. 
Besides, an another process for enterotoxin e x t r a c t -
ion was also developed following the methodology of 
Evans e t a l . / 0-9761. Here, the c e l l s harvested from 18 hrs 
incubated cu l tu re medium instead of discarding (as above) 
were processed fur ther . The c e l l s were resuspended in 
toxin re leas ing bxiffer and incxjbation was performed for 
another one and half hr under iden t i ca l condit ion as 
discussed above. The suspension was then centrifuged a t 
4**C for 30 min a t 8000 rpm. The supernatant was co l lec ted 
in s t e r i l e txjbes in small volumes. 
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Toxin prepared from any method was s tored a t -70*c. 
In vivo assay for enterotoxAn(s) de tec t ion : 
Infant mice model : Infant mice model of Dean e t a l . (1972) 
was standardized for ST~detection. "Hiree to f ive days' 
old infant micft were kept away from t h e i r mother for two 
hrs before inoculation the enterotoxins and allowed only 
to suckle the milk j u s t before the inoculat ion, so t h a t 
the turgid and milk f i l l e d stomach could eas i ly be v i s i b l e 
as white spot from outs ide . Suckling mice were divided 
randomly into groups of 4 and O.1 ml of heated crude 
enterotoxin with a drop of methylated s p i r i t was inocula t -
ed into the milk fed stomach. Methylated toxin appeared 
as b lu i sh in stomach ex terna l ly . 
Mice were sac r i f i ced a f t e r 4 h r of inoculation and 
abdomen was opened to observe the d i l a t a t i o n of stomach 
and i n t e s t i n e . The r a t i o of gut weight to body weight 
was recorded, A gut/Body wt, r a t i o eqxial to 0.83 or more 
was considered as pos i t i ve for ST enterotoxin and less 
than t h i s value was taken as negat ive . 
Liqated gut loop model : Ligated gut loop model as 
described by smith and Halls (1967) was used throughout 
the study for de tec t ion of en tero toxins . Guinea pigs 
and r abb i t i l e a l loop assays were employed as animal 
assays for detect ion of hea t - s t ab le and h e a t - l a b i l e 
enterotoxins , r espec t ive ly . 
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All the animals were fasted 24 hzrs p r i o r to preform-
ing the experiment except guinea-pigs and r abb i t s which 
were starved for 48 h r s . The animals ara then anaesthe-
sized with e the r inhalat ion and/or with thiosodium b a r b i t -
on inject ion intravenously. After anaesthesizing/ the 
abdomente was opened asep t i ca l ly and small i n t e s t i n e 
(approximately 20 Cm, ahead from pos te r io r p a r t / d i s b a l 
pa r t ) was divided in to 4.0 cm. long segments by s t r i n g 
l i g a t u r e s , one ml of crude enterotoxins were inoculated 
in to a l t e rna te loops. 
For a l l t e s t s t r a i n s dupl ica te animals were used. 
The animals were sacr i f iced a f t e r 2,4,6,8^10,12 and 18 hr 
excluding rabb i t s which were sacr i f iced a f t e r 18 h r s . 
The presence and absence of d i l a t a t i o n of i l e a l loops 
and amount of f lu id accumulation were observed. The gut 
voltme/gut length (V/L) r a t i o equal to 0,5 or more were 
considered as pos i t ive for ST-enterotoxin while 0,4 or 
less as negat ive. Volvune/length r a t i o in r abb i t equal to 
1.0 and more were taken as pos i t ive for h e a t - l a b i l e en t e r -
otoxin while l ess than tha t as negat ive. The volune to 
length r a t i o of each loop was termed as 'D i la ta t ion 
Index' . 
Di la ta t ion index= 
Volume of f lu id accumulated in one loop 
in ml. 
Length of t h a t loop in On. 
* * * * * * * * * * * * * * * * * * * * * * * 
* 
* 
* 
* 
* R E S U L T S 
* 
* 
* 
$ * * * * * * * * * * * * * * * * * * * * $ * 
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Table 1. Source and nijmber of Escherichia co l i s t ra ins iso-
lated from different disease conditions* 
Source Disease Samples CDRI Total 
condition collect- Strain strain 
ed number 
Urine 
A. Human : 
i) urinary tract UTI 
infection 
ii) Gastro-intestinal GTI 
tract infection 
1-108 
Stool 109-158 
102 
47 
B. Animals : 
i) Bovine : 
Gastro-intestinal GTI 
tract infection 
ii) Poultry : 
Heart blood 
Stool 159-242 
Septicaemia Blood 243-272 
iii) ovine i 
G a s t r o - i n t e s t i n a l GTI 
t r a c t i n f e c t i o n 
Stool 273-289 
iv) Equine ; 
U t e r o - g e n i t a l UGTI u t e r i n e 291-345 
t r a c t i n f e c t i o n d i s c h a r g e 
75 
17 
14 
45 
Tota l No. of s t r a i n s 300 
•Obtained from CDRI C u l t u r e C o l l e c t i o n . 
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Table 2. Toxigenic and Non-toxigenic E .co l i reference 
s t r a i n s 
E .co l i s t r a i n Nature of toxin Source 
P-233 
P-16 
K-12, 711 
0-141 
0-157 
T-86 
LT/ ST 
ST 
Non-toxigenic 
LT 
LT 
LT/ ST 
H.W. Smith 
H.W. a n i t h 
H.W. smith 
E . c o l i r e f e r ence C e n t r e , 
Pennsy lvan ia , (U .S .A. ) 
- d o -
Dr, D. Sen, 
NICBD, C a l c u t t a ( I n d i a ) . 
LT = Heat l a b i l e ; ST = Heat s t a b l e . 
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Evaluation of Tryptlcase Soy broth and Casamino acid yeas t 
e x t r a c t media for toxin production 
A comparative study of t ryp t i ca se soy broth (TSB) 
and casamino acid yeas t ex t r ac t (CAYE) media for S . co l i 
enterotoxin ex t rac t ion was also ca r r i ed out with en te ro -
toxigenic E .co l i ind ica tor s t r a i n s (P-233, 0-157, 0-141 and 
K-12 in rabb i t i l e a l loop assay), 'ttie study re f lec ted t h a t 
the two media (TSB and CAYE) are more or l e s s equally good. 
Toxin a c t i v i t y in CAYE medium was detected a f te r 9 hrs of 
incubation whereas, in TSB i t was exhibi ted a s l i g h t l a t e r 
(10th h r ) . However, a f t e r 18 hrs of incubation,no consider-
able difference in d i l a ta t ion , induced by toxins,prepared in 
the above two media,was detected. Also, no remarkable 
difference in d i l a t a t i o n index produced by 18 hrs incubated 
crude toxin in TSB and CAYE was recorded, the op t i ca l 
densi ty obtained from 18 hrs inctobated cu l tu re was also 
more o r l e s s equal in both the media (Table 3 ) . 
Since TSB i s e a s i l y avai lable in India, therefore , 
the same medium was used in the present study. 
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Tab le 3 . S u i t a b i l i t y o f medium f o r E . c o l i e j i t e r o t o x i n ( s ) 
e x t r a c t i o n 
B . G o l i N a t u r e of T o x i n ( s ) O p t i c a l d e n - D i l a t a t i o n 
r e f e r e n c e t o x i n r e l e a s i n g s i t y o f i n d e x produc-
s t r a i n s media I 8 h r s . g r o w t h * ed by 18 h r s . 
g r o w t h CFS* 
P-233 LT/ST 
0-157 LT 
0-141 LT 
K-12 N o n - t o x i -
g e n i c 
TSB 1,42 + 0 .16 1,59 + 0 . 3 1 
CAYE 1.45 + O.12 1.35 + 0 .16 
TSB 1.43 + 0 . 1 1 1.56 + 0 . 2 
CAYE 1.25 + 0 . 1 8 1.46 + 0 . 2 8 
TSB 1,42 + 0 . 2 1.71 + 0 . 2 4 
CAYE 1,46 + 0 .2 1.55 + 0 , 2 1 
TSB 1.39 + 0 .16 0 . 1 3 + 0 .16 
CAYE 1.45 + 0.16 0.06 + 0.12 
*Mean + SD of 6 experiments; Dilatation index was recorded 
in rabbit i leal loop assay; CPS = Cell-free supernatant; 
CAYE = 
TSB = Trypticase soy broth (Difco);^Casamino acid yeast 
extract. 
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Character izat ion of Heat->stable enterotoxigenic E .co l i 
(ETEC) s t r a i n s by suckling mice assay : 
Three to f ive days ' old suckling mice were inocula t -
ed i n t r a g a s t r i c a l l y with the c e l l - f r e e b a c t e r i a l f i l t r a t e 
prepared from ETEC reference s t r a i n s : P-233 (LT/ST); 
T-86-(LT/ST); 0-141 ( L T ) ; P - 1 6 (ST) and K-12 (non-toxi-
gen ic ) . Povir hr a f t e r inoculation ( as per required incub-
at ion period for experiment) only 3 s t r a i n s P-233, T-86 
and P-16 were found to produce d i l a t a t i o n of stomach and 
a gut wt/body wt. r a t i o of 0,098, 0.088 and 0.096 respec t -
ively/ indicat ing a pos i t i ve response for heat s t ab le 
enterotoxins . Whereas, the other s t r a i n s 0-141 and K-12 
ne i the r produce d iar rhoeal symptoms nor any appreciable 
d i l a t a t i o n of stomach. (Table 4, P la te 1) . 
Table 4 . Standardization of suckling mice for enterotoxin 
assay with reference E .co l i s t r a i n s . 
E . co l i Nature of Secretory Di la ta t ion 
Reference 
P-233 
T-86 
P-16 
0 -141 
K-12 
s t r a i n s Toxins 
LT/ ST 
LT/ ST 
ST 
LT 
-
response 
+ 
+ 
+ 
-
-
index* 
0 . 0 9 8 + 
0 . 0 8 8 + 
0 . 0 9 6 + 
0 . 0 7 4 + 
0 . 0 7 5 + 
0 .006 
0 .005 
0 . 0 0 5 
0 .006 
0 .004 
*Mean + SD of 6 experiments 
LT = Heat l a b i l e ; ST = Heat s t ab l e 
Plate I Dilatation of stomach and small intest ine 
of infant mice in response to E.coli 
heat stable enterotoxin. 
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Effect of E .co l i enterotx>xins on f lu id accumulation in 
• • • i lM»l— I * — — — I '• J S f c w J S B M — B M i » ^ W ^ i » ^ M ^ M — ^ — < M j — i — — — — ^ • M ^ — — — • > • • » • • • • I I I • I • • • • ! • • • — W ^ 
i l e a l loops of animals a t d i f f e r en t time in t e rva l s : 
The e f fec t of crude enterotoxins prepared from ETEC 
ind ica tor s t r a i n s P-233 (LT/ST); T-86 (LT/ST); P-16 (ST); 
0-141 (LT) and K-12 (Noh-toxigenic), on secretory response 
of d i f f e ren t laboratoty animals v i z : mastorays r a t s , cotton 
r a t s , golden hamsters; baby r abb i t s ; g e r b i l s ; Swiss albino 
r a t s and guinea-pigs was observed a f t e r 2 ,4 ,6 ,8 ,10,12 and 
18 hr of post inocula t ion. A high mor ta l i ty was recorded 
in a l l experimental animals except guinea-pigs . However, 
mor ta l i ty was seen in guinea-pigs a lso a f te r lo hrs of 
pos t inoculat ion which increased with fur ther incubation. 
Furthermore, no appreciable d i l a t a t i o n in i l e a l loops was 
observed in any of these animals except guinea-pigs. 
in guinea-pigs crude toxin prepared from P-233, T-86, 
and P-16 resu l ted in to ne t secretory response in i l e a l 
loops with a d i l a t a t i o n index more than 0.5 a t 8 hr of 
pos t inoculat ion. In t e res t ing ly , in a l l three cases ,an 
increase in d i l a t a t i o n indices was recorded with inc reas -
ing incubation period upto 8 hr beyond which the d i l a t a t -
ion index was found constant (Fig. 1,2,3; Tab le - J5 ,P la te I I ) . 
However, E .co l i s t r a i n 0-141 a LT-producer could produce a 
d i l a t a t i o n index equal to 0.31 whereas non-toxigenic KT.12 
s t r a i n did not produce any observable d i l a t a t i o n reac t ion 
(Fig.4 & 5; Table 5 . P la te I I ) . E . co l i s t r a i n s P.233, 
T-86 and P-16 a lso produced an appreciable d i l a t a t i o n a f t e r 
heat- t reatment (Ctude toxin was heated a t lOO'c for 30 min) 
while the others 0-141 and K-12 could not do so . (P l a t e I I ) . 
Plate I I : Dilatation of small intest ine of guinea-pig 
in response to E.coli heat-stable 
en tero toxin. 
Loop No. : 
1. 
2 . 
3 . 
4 . 
5 . 
7 . 
6 . 
8 . 
9 . 
10. 
1 1 . 
K-12 -
K-12 
P-233 
P-233 
T-86 
T-86 
Buffer 
P-16 
P-16 
0 ,141 
C5-i41 
(Non t o x i g e n i c , unheated] 
(Heated) 
(LT/ST, unsea t ed ) 
(Heated) 
(LT/ST, un l lea ted) / 
(Heated) 
-
iST, unheated) 
(Heated) 
(LT, Unheated) 
(Heated) 
1, 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
- v e 
-ve 
4ve 
+ve 
+ve 
+ve 
-ve 
•we 
-fve 
-ve 
-ve 
response 
response 
response 
response 
response 
response 
response 
response 
resxx>nse 
response 
response 
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Table S. E.coli enterotdxins mediated di la ta t ion of guinea-
pig i l e a l loops at different time intervals . 
E.coli Nature Dilatation index of guinea-pig i l ea l loops 
Reference of a t different time intervals* 
s t ra ins toxins 
2 hr. 4 hr . 6 hr, 8 hr. 10 hr. 
(a) 0.03 0.22 0.04 0.54 0,52 
+0.04 +0.02 +0,03 +0.05 +0,03 
P-233 
T-86 
P-16 
0 -141 
K-12 
LT/ST 
LT/ST 
ST 
LT 
-
(b) 0 . 0 5 
+0 .06 
( a ) 0 . 0 2 
+ 0 . 0 3 
(b) 0 .04 
+0 ,04 
( a ) 0 . 0 3 
+ 0 . 0 3 
(b) 0 . 0 3 
+0 .04 
( a ) 0 , 0 0 
+0 , 00 
(b) 0 . 0 0 
+ 0 . 0 0 
( a ) 0 . 0 0 
+ 0 . 0 0 
(b) 0 . 0 0 
+ 0 . 0 0 
0 . 2 3 
+0 .04 
0 . 1 9 
+0 .04 
0 . 2 0 
+ 0 . 0 3 
0 . 4 0 
+0 .04 
0 . 4 0 
+ 0 . 0 1 
O. 11 
+0 .05 
0 . 0 4 8 
+ 0 , 0 5 
0 , 0 4 
+ 0 , 0 5 
0 , 0 4 
+ 0 , 0 5 
0 . 4 
+ 0 . 0 4 
0 . 5 4 
+0,O3 
0 . 4 2 
+ 0 . 0 5 
0 . 4 8 
+0 .04 
0 . 4 6 
+0 .04 
0 , 3 0 
+ 0 . 0 4 
0 . 0 3 
+ 0 . 0 6 
0 . 1 1 
+ 0 . 0 2 
0 , 0 6 
+ 0 . 0 5 
0 . 5 5 
+ 0 , 0 5 
0 , 5 6 
+0 ,04 
0 , 5 7 
+ 0 , 0 3 
0 . 6 1 
+ 0 , 0 4 
0 . 6 0 
+0 ,06 
0 . 3 1 
+ 0 , 0 5 
0 , 0 5 
+ 0 . 0 5 
0 . 0 9 
+ 0 . 0 5 
0 . 0 7 
+ 0 ,06 
0 , 5 3 
+ 0 , 0 4 
0 . 5 6 
+ 0 . 0 4 
0 . 5 3 
+0 .04 
0 . 6 1 
+ 0 . 0 4 
0 . 5 8 
+0 .03 
0 , 3 0 
+0 ,02 
0 , 0 3 
+ 0 . 0 5 
0 , 0 8 
+ 0 . 0 5 
0 , 0 6 
+ 0 , 0 5 
*Mean + SD of 6 experiments 
LT = Heat labi le ; ST = Heat stable; (a) = Crude toxin 
without treatment; (b) = Crude toxin with heat treatment. 
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Fig .1 
EFFECT OF TIME COURSE ON DILATATION INDUCED 
BY CRUDE LT/ST ENTEROTOXIN PREPARED FROM 
E-Co l i STRAIN-P-233 
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Fig,2 EFFECT OF TIME COURSE ON DILATATION INDUCED BY 
CRUDE LT/ST ENTEROTOXIN PREPARED FROM E .co l i 
S T R A I N - T - 86 . 
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Character izat ion o£ hea t - ' l ab i le ETBC s t r a i n s In raMait i l e a l 
loop assay : 
Ce l l - f ree cu l ture supernatant (CFS) prepared from 
E . c o l i ind ica to r s t r a i n s (P-233. T-86, 0-157, 0-141, P-16 
and K-12) were injected (1.0 ml) into 4 cm. long segment of 
small i n t e s t i n e of adul t r a b b i t . 18 hrs a f t e r inoculation 
CFS obtained from P-233/ T-86/ 0-157, 0-141 produced d i l a t -
at ion index more than 1.0 (1 ,6 , 1.81/ 2,15 and 1.76 respec t -
i ve ly ) . However, no d i l a t a t i o n was observed with cu l tu re 
f i l t r a t e of P-16 (ST"*") and K - 1 2 (Non-toxigenic). (Table 6; 
P la te I I I . ) . 
Table 6, Standardization of rabb i t i l e a l loop (RIL) for 
enterot<»in assay with reference E.co 1 i s t r a i n s . 
E . co l i reference Nature of Secretory Gut wt/Body wt. 
response Ratio* 
1.60 + 0.06 
1.81 + 0,14 
2.15 + 0.12 
1.76 + 0.08 
0.41 + 0.07 
0.28 + 0.30 
strains 
P-233 
T-86 
0-157 
0-141 
P-16 
K-12 
toxins 
LT/ ST 
LT/ ST 
LT 
LT 
ST 
-
*Mean _+ SD of 6 experiments 
LT = Heat labile; ST = Heat stable; LT/ST = Heat labile and 
heat stable both. 
P!|,ate I I I ~ Dilatation of small intestine of 
adult rabbit in response to E.colJ. 
heat- labi le enterotoxin. 
Loop No, 
1 -
2 -
3 -
4 -
5 -
6 -
Pr233 
T,86 
0-157 
0 -141 
P-16 
K-12 
- LT/ST 
- LT/ST 
LT 
- LT 
ST 
-Non Tox 
+ve 
+ve 
+ve 
+ve 
-ve 
igen: 
response 
response 
response 
response 
response 
Lc -ve r( 
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In vivo screening of enterotoxigenic E ,co l i among 300 
E . c o l i s t r a i n s ; 
The charac te r iza t ion of toxigenic and non-toxigenic 
E .co l i were character ized by i l e a l loop assay. Out of 300 
s t r a i n s tes ted i l l (37.0?^) were found enterotoxigenic 
i r r e spec t ive of t h e i r source of i so l a t i on . Dis t r ibu t ion 
of ETEC s t r a i n s among man and animals r e f l e c t s t h a t a 
very high number (57.1%) of E . c o l i s t r a i n from ovine gas t ro -
e n t e r i t i s cases exhibited entero toxigenic i ty followed by 
bovine GTI (41.3%) equine UGTI (40.0%), human UTI and 
poul t ry septicaemia i so l a t e s (35.3% each). Human GTI i so -
l a t e s were l e a s t toxigenic (25.6%). Among these ETEC 
s t r a i n s ST-producers were concentrated maximum (49.5%) 
followed by LT-producers (32.4%) and LT/ST producers (18.00J«). 
The percentage of ST ETEC was found more in a l l the five 
groups (Human UTI, bovine GTI, poul t ry septicaemia; ovine GTI 
and equine UGTI) except one group human GTI showing maximum 
number of LT-producers (F ig .6 ,7 ,8 ; Table 7 ) . None of the 
ETEC s t r a i n s from poultry septicaemia and equine UGTI prod-
uced both LT and ST simultaneously (Fig.8>. 
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Table 7 . Pirevalence of enteraMPOXigenic E.coLi (ETEC) among 300 
s t r a i n s isolataad from man and an imals . 
Source D i sease No,of No.and No. and pe rcen tage of ETEC 
c o n d i t - s t r a i n s p e r c e n t - s t r a i n producing : 
ions age of . 
^ P ^ . LT ST • LT/ST 
s t r a i n s 
Human : UTI 102 36 13 14 9 
(35 .3) (36 .0) (39 .0) (25.0) 
GTI 47 12 6 3 3 
(25.6) (50 .0) (25 .0 ) (25.0) 
Total - 149 48 19 17 12 
(32.20) (39.5) (35.4) (25.0) 
Animals : 
Bovine GTI 75 31 7 18 6 
(41.3) (22.6) (58.0) (19.3) 
Poultry Septi- 17 6 2. 4 
^^^^"^ (35.3) (33.3) (66.6) 
ovine GTI 14 8 2 4 2 
(57.1) (25.0) (50.0) (25.0) 
Equine UGTI 45 18 6 12 
(40 .0 ) (33 .3) (66 .6) 
Tota l - 151 63 17 38 8 
(42 .4) (27.0) (60 .32) (12.7) 
Grand t o t a l - 300 m 38 55 20 
(37.O) (32.4) (49 .5 ) (18.0) 
Abbrev i a t i ons : UTi = Ur inary t r a c t i n f e c t i o n ; GTI = G a s t r o -
i n t e s t i n a l t r a c t i n f e c t i o n ; UGTI = U t e r o - g e n i t a l t r a c t i n f e c t i o n 
LT = Heat l a b i l e ; ST = Heat s t a b l e . 
P i g ^ e s in p a r e n t h e s e s i n d i c a t e pe rcen tage of ETEC s t r a i n s . 
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Diarrhoeal disease caused by enterotoxigenic 
Sscherichia c o l i has been rampant throughout the world 
for the l a s t several decades. The d i sease now accounted 
for one of the biggest k i l l e r of chi ldren pa r t i cu l a r l y in 
developing countr ies where the hygienic condit ions are 
not supposed to be good. However, the aetiology of the 
disease remains obscure for a long time j u s t because of 
not having a sens i t ive assay model for toxin de tec t ion . 
Since the disease i s a c l i n i c a l syndrome, the l i v e 
animal model may r e f l e c t a d i r e c t and b e t t e r evidence of 
such d i so rde r s . Also the animal models are important both 
p r ac t i c a l l y and theo re t i ca l l y for making conclusive evid-
ence of the d isease . Purtherroore, development of e f f ec t -
ive immunization procedures and chemotherapy are said to 
be incomplete without a sens i t ive animal model (Frankel, 
1969). Therefore, a r e l i a b l e and simple assay i s needed 
to define the aetiology of enterotoxigenic E .co l i (ETK;) 
induced diarrhoea. Burgess e t ^ , (1979) a lso s t r essed 
upon su i t ab le animal model for screening of E .co l i s t r a i n s 
from diarrhoeal p a t i e n t s . 
Since a va r i e ty of media have been proposed for 
toxin production, the se lec t ion of be s t medium becomeg 
necessary. For t h i s purpose two of widely used media, 
Trypticase Soy broth (TSB) and Casamino acid yeast ex t r ac t 
(CAYE) were evaluated for t h e i r s u i t a b i l i t y for production 
of en tero toxins . This study was ca r r i ed out with known 
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enterotoxigenic E .co l i ind ica tor s t r a i n s (p-233, LT/ST; 
0-157, LT; 0-141, LT and K-12 (Non-toxigenic). Under 
iden t i ca l condi t ions , 100 ml of e i t h e r media (TSB and 
CXTB) in Erlenmeyer f lask of 500 ml capacity were mixed 
with 2.5 ml of p re -cu l t iva ted E .co l i in homologous medium. 
The re lease of i n t r a c e l l u l a r enterotoxin from outer mem-
brane into medium was enhanced by shake cu l tu re technique 
as tecoiwnended by Kunkel and Robertson (1978") and Gankema 
e t a l . (1980), ibxin was detected a f t e r 9 hrs of incubat-
ion in a very small amount. However, crude toxin from 18 
hrs incubated cu l tu re in both the media prt)duced almost 
equal 'D i l a t a t ion Index' which shows the two media are 
equally e f fec t ive and toxin cen be extracted in e i t h e r of 
the media (TSB & CAYE). Moreover, op t i ca l densi ty of 18 
hr grown cu l tu re in both media CraB & CAYE) was found to 
be almost sane. (Table 3 ) . 
Prolong inc\jbation of ETEC (af te r 24 hr) a t 37 'c 
may decrease the b io logica l a c t i v i t y of toxdn because of 
i t s thermolabi l i ty , whereas the thermostable character 
was determined by heat treatment of crude toxin samples 
a t lOO'c for 30 min in water bath . The addi t ion of 
Polymixin-B sulphate and/or Linoomycin s t imulated a 
b e t t e r y i e l d of LT in both media (TSB & CAYE) but the 
ef fec t was found s l i g h t l y g r ea t e r in CAYE. 
In the present study, animal models were developed 
and standardized to demonstrate the patho-physiological 
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effects of enterotoxins, t o -da t e suckling mice assay of 
Dean e t a^. (1972) i s the only r e l i a b l e assay for de tec t -
ion of hea t - s t ab l e enterotoxin . Hence suckling mice model 
was standardized (Table 4, P la te 1 ) . In view of exp lo i t -
ing the usefulness of other animal systems severa l l abora t -
ory animals: mastomys r a t s , cotton r a t s , golden hamsters, 
baby r a b b i t s , guineapigs, swiss albipo r a t s 
which 
and gerb i l s were evaluated to s e l e c t the bes t one £.'^ can 
be used under laboratory condit ions to charac te r ize the 
hea t s t ab le nature of B»coli toxin . 
I l e a l loop method of Smith and Halls (1967^ was 
performed in a l l animals and i t was found t h a t guineapig 
was the only su i t ab l e animal t h a t responded well to heat 
s t ab le enterotoxin . All other animals insp i t e of t h a i r 
poor d i l a t a t i o n response to ST-enterotoxin, a high mor ta l -
i t y r a t e was a l so recorded. The same experiment was 
repeated five times but no other animals except guineapig 
could have been used successfiolly. Therefore/ guineapig 
was considered as a su i t ab l e animal model for de tec t ion 
of hetit s t ab le en te ro toxin . 
On fur ther inves t iga t ion , the e f fec t of time on 
ST-act ivi ty in the i n t e s t i n a l loop was also s tudied and 
d i l a t a t i o n index in guinea-pigs was recorded a t 2 , 4 , 6 , 8 , 
10,12 and 18 hrs of post inocula t ion. Maximum secretory 
response was recorded a t 8 hr of pos t inoculat ion (Table 5) 
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i n t e re s t ing ly / the f lu id acc\mulation was a l so time 
dependent in the beginning, but did not increase a f t e r 8 
hr of inoculat ion. Nevertheless, on prolong incubation, 
beyond 10-12 hrs high morta l i ty in guineapigs was record-
ed#. —= " ^ High morta l i ty in t h i s animal on prolong 
incubation might have been the reason, why previous work-
e r s , l ike Smith and Halls did not recorranend the s u i t a b i l -
i t y of th i s model for enterotoxin de tec t ion . 
The guinea-pig i l e a l loop assay,standardized a t 
present , has been found super ior to infant mice model as 
10 s t r a i n s with pos i t ive and negative control of en te ro-
toxin can be t es ted simultaneously under i den t i ca l con-
d i t i ons in a s ing le animal whereas a t l e a s t four mice 
were needed to t e s t a s ing le s t r a i n in infant mice assay. 
Hence, the individual s u s c e p t i b i l i t y may a lso not be ruled 
out in suckling mice model. 
Fur ther , there are ce r t a in heat s t ab l e enterotoxins 
(STa & Stb) which do not show secretory response in suck-
l ing mice model and hence the same is needed to be screen-
ed in weanfed pigs or in some other models (Mullan e t a l , 
1978). The development of guineapig-. as a t e s t model 
for detect ion of ETEC also sor ted out fur t h i s unavoidable 
problem. Evans e t _aa. (1973) and Sack e t a l . (1975) have 
shown tha t infant mice assay could be cor re la ted with the 
r abb i t i l e a l loop assay for ST de tec t ion . But Gianella 
(19^6) recorded 10.5 to IB.7% va r i a t i ons in infant mice 
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suscep t ib i l i t y 
assay due to i n d i v i d u a l ^ a r i a t i o n in infant mice and a l so 
the v a r i a t i o n s in experimental and cu l tu re condi t ions . 
Rabbit i l e a l loop assay was standardized and employ-
ed for LT de tec t ion . Maximum LT a c t i v i t y was found 18 hrs . 
a f te r inoculatioq of toxin from the s t r a i n s producing 
heat l ab i l e enterotoxin. (Table 6^ Pla te I I I ) . The imrne-
d ia te and p e r s i s t a n t a c t i v i t y of ST responded by guinea-
th 
pig i l e a l loops upto 8/hr and delayed LT a c t i v i t y in 
th 
r abb i t i l e a l loops upto IS /hr provided fur ther evidence 
to support the findings of e a r l i e r workers (Smith and 
Gyles 1970b;WHO 1980). 
Although several in v i t r o assay systems eg. Bnzyme-
1inked immunosorbent assay (ELISA), Passive immune haemo-
l y s i s t e s t (PIH) and t i s sue cu l tu re e t c . have been employ-
ed in various labora tor ies for biochemical and immuno-
logica l charac te r iza t ion of en tero toxins . The l i ve 
animal assay system s t i l l provide b e t t e r understanding 
of epidemiological bas i s of d iarrhdea. Donta e t al. 
(1977) suggested t h a t jji vivo demonstration of en te ro -
toxins provide enough support for d iar rhoeal i l l n e s s . 
Character izat ion of toxigenic and non-toxigenic 
nature of 300 E .co l i s t r a i n s i so la ted from d i f f e ren t 
disease conditions of man and animals were taken for the 
present stucfy. Out of these 300 E . c o l i s t r a i n s , 149 were 
i so la ted from human and remaining from d i f f e ren t animals 
(Table 1) . These s t r a i n s were screened in guineapig 
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i l e a l loop and rabb i t i l e a l loop assay for the heat s t ab le 
and heat l a b i l e characters of enterotoxin(s^ respect ive ly . 
Incidence of enterotoxigenic i ty anong t o t a l 300 
of 
E .co l i s t r a i n s r e f l ec t s t h a t 37%^the s t r a i n s were potent-
i a l l y enterotoxigenic . Out of these ETEC s t r a i n s mostly 
were the ST producers (49,5%) as compared to LT (32.4%) 
and LT/ST (18.05«), (Table 7 ) . 
On fur ther analysis i t was seen t h a t 32.2% of human 
isola ted E . cq l i s t r a i n s were enterotoxigenic which is 
much less than tha t obtained from s t r a i n s of animal or ig in 
(42,4%). Furthermore, ETEC p^?ofile r e f l e c t s 39.5% LT 
producers in human i s o l a t e s , much higher than animal ETEC 
(27,0%). On the o ther hand the percentage of ST producers 
in animals are comparatively g rea te r (60.32%) than human 
s t r a i n s (35,4%. However, the magnitude of LT/ST ETEC in 
human (25,0%) i s j u s t double to tha t of animal ETEC(12.7%), 
The frequencies of i so l a t i on of ETEC s t r a i n s among E .co l i 
population as reported by Nalin e t a l . (1975); Goldhar, 
e t ^ . (1980); DeBoy e t a i . , ( 1 9 8 0 ) ; and Ueda e t ajL. (1981) 
are in agreement with our f indings. Variat ions among 
ETEC d i s t r i b u t i o n s may depend upon geographical d i s t r i b u t -
ion, disease condi t ions , source of i so l a t ion and assay 
system employed for de tec t ion of causat ive organism of 
d ia r rhoea l i l l n e s s . Echverria e t .al. (1977) suggested t h a t 
the s e n s i t i v i t y of the assay system employed should be 
c r i t i c a l l y considered. 
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An appreciable numbefc of E .co l i s t r a i n s (639^) could 
not produce e i t h e r LT or ST enterotoxins,hence were con-
sidered as non-ETEC. These non-ETEC s t r a i n s might have 
produced very small quant i ty of toxins (LT and/or ST) 
which could have not been detected by observing d i l a t a t i o n 
reac t ions in i l e a l loops. Since these non-ETEC s t r a i n s 
were a lso i so la ted from diar rhoea l condit ions of man and 
animals, they might be producing some other types of entero-
toxins d i f fe ren t from LT and ST as s t ressed by Kl ips te in 
e t al,. (1978), Canty and Blake (1977) and uishen and 
Rollo (1980) have described des t ruc t ion of m i c r o - v i l l i 
by a s t r a i n of E . co l i 015 (RDEC-1) r e su l t i ng in diarrhoea 
without producing enterotoxins and suggested tha t s imi l a r 
E«coli s t r a i n may account for some of the E.cpJJ. a s soc ia t -
ed diar rhoeas . 
These s t r a i n s of B.col i were i so la ted nearly eleven 
years ago and were frequently subcultured on n u t r i e n t agar 
s l a n t s and s tored a t 4*'C. During t h i s prolonged storage 
under laboratory conditions these s t r a i n s might have l o s t 
t h e i r 'Ent ' plasmids spontaneously which would have been 
present a t the time of t h e i r i s o l a t i o n . 
Taylor e t a l . (1961) showed tha t on laboratory 
s torage , enterotoxigenic E .co l i cu l tu res would have been 
resu l ted in loss of tox igen ic i ty . Similar findings of 
spontaneous loss of R-plasmids have also been reported by 
several o ther workers (Sack e t a l . j l 9 7 5 ; Levine e t al,^1978; 
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Penarandra e t a l . /1983 and Yadava e t a l . /1984; Yadava and 
Mahipal, 1985). 
The S'Coli s t r a i n s producing both LT and ST en te ro-
toxins simultaneously have been encountered a t s i g n i -
f i can t nvanbers {18,0/,), such s t r a i n s are ae t io log ica l ly 
very important as they cause severe dehydrating diarrhoeas 
with longer durat ion of i l l n e s s in p a t i e n t s . This finding 
support the observations of Merson e t al,. (1980). 
I t was in t e re s t ing to find ETEC from u r i n a r y - t r a c t 
infect ion (UTI). Although enterotoxigenic i ty has no 
obvious ro le in UTI, but t h e i r presence among ur inary i s o -
l a t e s explains t h e i r c l i n i c a l importance, Hughes e t al,. 
(1978) have also i so la ted ETEC from UTI and has s t ressed 
diarrhoeagenic ro le in i n t e s t i n a l infect ion. Such ETEC 
s t r a i n s i so la ted from UTI may also indicate t h a t source 
of UTI infect ion may be from GTI infec t ions . 
Some E.Goli s t r a i n s of Poultry septicaemia and 
equine (UGTI) were also found enterotoxigenic . Ihe 
pathological role of such ETBC s t r a i n s among septicaemic 
and UGTI cases i s not ye t c l ea r , but t h e i r frequent occur-
rence suggest t h a t ETEC s t r a i n s are c l i n i c a l l y as well as 
microbiological ly important and could be i so la ted from 
various disease condit ions of man and animals. I t i s 
poss ib le t h a t t h e i r u l t imate source may be g a s t r o i n t e s t i n a l 
t r a c t i t s e l f , ueda e t al^. (1981) have a lso reported entero-
toxigenic E.col i from poultry septicaemie cases . 
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